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ysxem ot an aircraft, since the induced 
Irag — decreases — as— -the — aspect — ratio— 



30 



36 



increases. 

25 However, hitherto, it has been the 
practically^ un iversal opinion of men 
skilled in -the art that there was an upper 
practical limit to the actual values of the 
aspect ratio in all engine propelled heavier 
than air aircraft, this limit ranging from 
10 to 20; in fact, there does not exist, 
among successful power propelled aircraft 
of this type, any practical example of 
aspect ratios above these values, which 
have been considered critical. 

The reason for this has been that the 
use of aspeqt ratios above these values 
involved, due to constructional require- 
ment, the necessity of increasing the 
weight of the wing to such a degree 
that the gain of aerodynamic efficiency 
was more .than counterbalanced by the 
detrimental consequences of this increase 
in weight. * 
45 I have found that this apparently 
insuperable obstacle to the otherwise 
desirable increase of the aspecjt ratio can 

r • ] 



Preferred embodiments of my inven- 
tion- wrtr-l^hereinaf ter"n aescribect 



reference to the accompanying drawings, 
?S m 7 7 ™ J ° f exam P le * a ^d in 
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. -^}gs 1 and 2 diagrammatically show! 
in front view and in plan view respect 75 
tively, an aeroplane made according to a 
nrst embodiment of my invention; 

Figs. 3 and 4 are similar views of a 
second embodiment; 

Pig. 5 shows, on a large scale, the 80 
skeleton of a wing of an aeroplane con- 
structed according to my invention- 

Fig. 6 is a section on the line VI— VI 
of Pig. 5, this skeleton being covered 
with reinforcing plates; 

Fig. 7 is a diagrammatic fr.ont view of 
part of an aeroplane having wing brac- 
ings as shown by Fig. 1 ; 

Fig. 8 is. an end elevational view of 
sewing of this aeroplane; 

Figs. 9 10, 11 and 12 indicate the 
snapes of different sections, on the lines 

?^ B ' P~° and 5— D respec- 
tively of Fig. 7, of a wing bracing strut, 



85 



90 



INSDOCID: <GB 625579A_J_> 



PATENT SPECIFICATION 625,579 




Convention Dates 
(France) 

Sept. 5, 1945. 
June 17, 1946. 



Corresponding Applications 
In United Kingdom 



No. 22678/46 
No. 22679/46 



dated July 30 J 1946? 



(One Complete Specification left under Section 91 (2) of the Patents and 
Designs Acts, 1907 to 1946). 

Specification Accepted: June 30, 1949. 



Index 'at acceptance :~Clas S 4, A3c4, B(8: lib), I7al, I8j(l: 2). 

COMPLETE SPECIFICATION 
Improvements in Aircraft 



I Maxjbice Louis Hueel, a citizen of 
the'French Republic, residing at 21, Rue 
Gontrand-Biron, Deauville (Calvados), 
France, do hereby declare the nature of 
5 this invention and in what manner the 
same is |to be performed, to be particularly 
described and ascertained in and by the 
following statement: — 

The present invention relates to air- 
10 craft, and its object is to ensure a sub- 
stantial improvement of the aerodynamic 
properties of aircraft over those obtained 
with the conventional construction at 
present in use. . 
15 It is well known tha* such improve- 
ments, and in particular an increase ot 
the lift to drag ratio and of the power 
coefficient (i.e. the ratio of the cube of ithe 
lift coefficient to the square of the drag 
20 coefficient) will be obtained by increasing 
the geometric aspeqt ratio of the J™*g 
system of an a ircraft, since the mdqced 
<lrag decreases as the aspect ratio 
increases. _ 
25 However, hitherto, it has been the 
practically universa l opinion of men 



actually be overcome by. the use of 
external wing bracings and increasing the 
wing loading beyond the figure hitherto 60 
employed, so that it becomes possible to 
use aspect radios of values far exceeding 
those considered, as practically possible up 
to now, while keeping most of the advan- . 
tages inherent in the use of high aspect 66 
ratios. 

Thus, in this invention I provide n 
X>ower propelled aircraft having fixed 
wings and external bracings therefor, said 
bracing serving as auxiliary lifting sur 60 
faces and the aspect ratio of the whole 
lifting surfaces (i.e. 6 2 /S, where be is 
the span and S the total area of the wing 
system) is n«fc less than 15 under all cir- 
cumstances of flight, and the wing load- 65 
ing (including that of the auxiliary lift- 
ing surfaces) being not less than 80 kgs. 
per square meter. 

Preferred embodiments of my inven- 
io n w ill be- h ereinaf ter described — witth^ 70- 



reference to the accompanying drawings, 
given merely by way of exarnple, and in 
which : 



skilled in ithe art that there was an upper 
practical limit to the actual values of the 
aspect ratio in all engine propelled heavier 
30 than air aircraft, this limit ranging from 
la to 20; in fact, there does not exist, 
among successful power propelled aircrait 
of this type, any practical example ot 
aspect ratios above these values, whicn 
36 have been considered critical. . 

The reason for this has been that the 
use" of aspeqfc ratios above these values 
involved, due to constructional require- 
ment, the necessity of increasing the 
40 weight of the wing to such a degree 
that the gain of aerodynamic efficiency 
was more than counterbalanced by the 
detrimental consequences of this increase 
in weight. * 
46 I have found that this apparently 
insuperable obstacle to the otherwise 
desirable increase of the aspect ratio can 



Figs. 1 and a diagrammatically sliow, 
in front view and in plan view respec- 75 
tively, an aeroplane made according to a 
first, embodiment of my invention; 

Figs. 3 and 4 are similar views of a 
second embodiment; 

Fig. 5 shows, on a large scale, the 80 
skeleton of a wing of an aeroplane conr 
structed according to my invention- 
Fig. 6 is a section on the line YI — VI 
of Fig. 5, this skeleton being covered 
with reinforcing plates; 85 

Fig. 7 is a diagrammatic front view of 
part of an aeroplane having wing brac- 
ings as shown by Fig. 1 ; m 

Fig. 8 is an end elevational view ox 
the wing of this aeroplane; 90 

Figs. 9, 10, 11 and 12 indicate the 
shapes of different sections, on the lines 
A— A, B— B, C — C and T> — D respec- 
tively of Fig. 7, of a wing bracing strut, 
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in the respective positions they occupy 
with respect to the wing- shown by 
Fig. 8; 

I*ig". IS is a sectional view of a form 
5 of wing according to the invention; 

Fig, 14 is a section on the line J — K 
of Fig, 13. 

Fig* 16 is a perspective view of part of 
a wing provided with a lift increase 
10 device included in this invention; 

t Fig. 16 shows means for controlling the 
device indicated in Fig*. 16. . 
m In order to obtain a usef ul improvement 
in lift to drag ratio and power coefficient 
15 resulting from the choice of a . high 
geometrical aspect, ratio, the angle of 
incidence of the wing system according 
to my invention should have for normal 
flying conditions, a high value corre- 
20 sponding to a lift coefficient, higher than 
0.5 and possibly as high as 1.1 or more. 

The aerofoil section camber will advan- 
tageously be chosen rather high, accord- 
ing to the intended .use of the aircraft. 
25 * hl » oam *« may he as high as 8—10%. 
Furthermore, I preferably choose aerofoil 
profiles of medium thickness (from 10 to 
14% ) and of substantial curvature. 
Among the aerofoil profiles that seem to 
be particularly well adapted for use 
according to iny invention is the Sainjt- 
Cyr 109 or the Sikorsky GS 1 aerofoil 
pr ?*i e - S* c > 81 "««wf Oil will give, for:* 
a lift coefficient of 1 and an aspect ratio 
35 of 30, a lift to drag ratio of 47 and* a power 
coefficient of 2000, whereas the usual 
values are respectively 25 and 400 for 
aspect ratios ranging from 6 to S. 
VrL J n orde : r io .- en8U y e a relatively W take 
4CToff and landing speed of the aircraft 
despite the reduction of area of its wing 
system, according jto one of the features 

• Of TV4TT ITItrawiiAn T ^ . ... . * .3 11 • . . i 
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°* 30, a total drag coefficient of 0:25, 
whereby its lift dra^r ratio is equal to 16 
its power coefficient is equal to about 
1000, If the said lift increase device were 
fitted on a wing of an aspect ratio of 6, 70 
the value of the drag coefficient would 
have been 0.89 instead of 0.25. 

It is pointed out fthat the fact that the 
wing area is reduced by modifying -the 
chord whilst using a span of normal 75 
value not only has for its effect to avoid 
an excessive wing' weight but also permits 
of substantially increasing the maximum 
speed and the cruising speed of jfche aero- 
plane; Furthermore, it permits of reduc- 80 
ing the area. of the tail unit and the 
length of the fuselage, whieh involves a 
supplementary reduction of the head re- 
. sistance and weight of fthe aeroplane. 

As has been stated^ the wing is, in *85 
this invention, provided with bracings. 
Although these bracings . give rise to a 
supplementary drag, jthe latter . . ia very 
much smaller than the. gain ensured, 
especially in . the case of high lift co- 90 
efficients, because -the high aspect ratio 
obtained involves a substantial reduction 
of the induced drag. ■ 

In the embodiment of Pigs. 1 and 2, 
I provide two under side, struts 1 between 05 
the. wing 2 and the fuselage 3. . H> for" 
instance, the wing of this aeroplane has 
an area of 12 sq. m. and a span of 20 m., 
and thus an aspect ratio of 33, and the 
two struife 1 are each 4 m. long and 50 100 
mm. thick, the 0* of the struts will.be 
about 0.002. Under these conditions, the 
gam of C D , with respect to a wing- of an 



0.04 for a C* of 1 and 0.0575 for a O a of 105 



13? mention, I provid e - th e 



- a i 1 **' increase device, having- a high, lift 
45 coefficient (from 3 to 5 for instance) and 
a low drag coefficient. 

It should be" noted here thajt the high. 
aspect ratio of the wing has a very advan- 
ce I?^ 0 , 118 influence, upon the reduction of 
60 the drag prodxiced by . the lift increase 

d r2?* Thls ¥ dx * e *> tlie f act that most 
of the drag of wing systems fitted with 
lilt increase deviees is constituted by 
induced drag. If th 6 lift increase device 
is fitted on a wing system of high aspect 
™* IO > the induced -drag is greatly reduced 
and the lift to" drag ratio and power 
coefficient of this wing system may be 
normal, despite -the presence of the lift 
increase devide, which permits a .quick 
tafce off at a low -speed. J'or instance, a 
•wing fitted with a lift increase device 
giving a lift coefficient of 4 and the corre- 
spondmg profile drag fcoefficieht of which 
is equal to 0.09 has, for an aspect ratio 



th — Kg 



^hue an aeroplane as iUustrated by 
tg-. 1, if given the dimensions above in- 

I n *■% 4- n A w. J J* • _ T_ ' 1 . i i ^ 
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60 



65 



«-» ' in- »— umuqiuwud . auu V X? Ill— 

™^ and furnished with an engine of 
500 HP, can be loaded to a weight of 3 110 
tons. Its maximum speed wil reach 400 

v?AnS er tour V and its ceiling will be 
14,000 m. wiith a. useful load of 800 kg- 
A power of 20© HP. will be sufficient at 
ground level for flying at ; 220 Ian. per 116 
o™^ or a power of 160 HP for flying at 
^.P er hour at an altitude of 10,000 
xtT^ 1S P°^ r ™]J be* easily supplied 
by the engine if it ' is provided with a 
compressor restoring the power of 500" 120 
HP at an altitude of 5,000 jaj : " * 
Figs. 3 and 4' indicate an aeroplane with 

^aa™^ ^ pan of 60 m ' a win & area of 
100 m 3 (i.e. an aspect Tatio of 36). The 
load n?ay be-.from 5 to about 30 tons,- The 125 
wmg is supported by a main sfrut system 
4 which supplies a jK>r!iqn of the li#; 
The ; resulting from the CV of the" strut 
system is very low, and the lift" to' drag 
ratio of the whole is . practically . equal to 180 
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thajl of the wing. (The same remark 
applies to the tail unit and to tandem, 
wings). 

In this construction a pair of inter- 
6 mediate struts 5 is also used to support 
(the wing 2. 

This machine, powered with an engine 
of 1300 HP fitted with a turbo-compressor 
and a mechanical compressor, can clinib 
10 to 20,000 m. with two passengers and a 
photographio outfit. The power utilized 
at this altitude for a speed of 300 km. 
per hour and a weight of 5 tons is 240 
HP. 

16 Powered with engines of a total power 
of 3000 HP and loaded with 25 tons, it can 
carry 12 tons of useful load to a distance 
of 1200 km., 10 tons to 4000 km., and 7 
tons to a distance ranging from 5000 to 
20 6000 km. The power necessary for flight 
at the take off is only 780 HP. _ With 3 
tons of useful load, it can remain in the 
air more than three days at an average 
speed of 200 km. per hour. 

These examples have no limitative 
charaqter and the various bracing 
arrangements usually employed may be 
applied to high aspect ratio wings, includ- 
ing multiplane systems. 

In certain cases and as above indicated, 
the torsional stresses in the wing system 
may be supported by the bracing device 
if the latter can be strained in bending 
in its plane. In other cases, according 
86 to another feature of my invention, I 
provide a stabilizing plane (for example 
as at 15 in Fig. 5) at the rear of the wing ; 
this plane, which is carried by the wing 
itself, may extend over the whole or a 
40 portion of" the span thereof and may b e 
either continuoxis or discontinuous. I€~ 
may include either only a movable part 
or a fixed part, or both a fixed part and a 
-movable part Th o objec t of - thi s 'plane 
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45 is to stabilize the portion of the wing 
behind which it is placed, by directly 
compensating for the torsional stresses 
that result from displacements of the 
centre of pressures as a function of the 
60 incidence, instead of causing these 
stresses to be transmitted, as is usual, to 
the central portion of the wing and the 
fuselage. 

The movement of the movable part of 
66 the stabilising plane, if such a part exists, 
i& intended to give, through the action 
of the pilot, a predetermined incidence to 
the portion of the wing behind which it 
is located, the balancing of the whole 
60 of <the wing and the tail unit being thus 
ensured for the chosen incidence. 

According to yet another feature of 
this "invention, T may provide a single 
wing frame extending over the complete 
66 • span or compose this frame of several 



sections juxtaposed in the direction of the 
span. Each seqtion may be reinforced by 
metallic plates, constituting a portion of 
the wing covering or skin, and located, at ' 
places where the compression or tension 70 
components of the bending stresses are 
maximum. These sections may be solid 
or be hollowed out, made of wood or of 
a moulded plasjtic material, or of a light 
or extra-lignt metal or alloy, while , the 76 
reinforcement plates are preferably of an 
aluminium alloy such as that known 
xmder the Registered Trade Mark of 
" Duralumin " or of steel, and are located 
on the outer and /or inner face of the 80 
wing, where the stresses are maximum. 
These plates may be fixed to the member 
or members forming the wing frame in 
any suitable manner, for instance by nail- 
ing, screwing, riveting, glueing welding, 85 
and so on. 

A particularly advantageous embodi- 
ment of this wing construction is illus- 
trated by Pigs. 6. and 6. The wing fraine 
12 is here made as one piece, for instance 90 
of wood. It is hollowed out at 13 to re- 
duce its weight. At the parts of the wing 
where ;the shape is more complex, the sur- 
face of the frame 12 forms part of the 
wing skin, for instance at the leading edge 96 
12a, at the trailing edge, or at the wing 
tips 12&, where the stresses are small. 
At ;tlie parts of lesser stress, i.e. most of 
the upper and Tinder sides of the wing, 
a covering .is provided by reinforcement 100 
plates 14, the ribs formed by frame 12 
across the hollows 13 serving to prevent 
warping of the plates. 

It should further be noted thajt frame 
12 supports most of the forces of the plane 105 

wing, co-operates m the resistance 
to torsion and supports all |lhe local 
stresses external to the wing, such .as 
those pr oduced by fixation to |the fuse- 



lage, strut fixations, front slot supports, hq 
if they exist, and rear flap supports. 

When the frame is constituted by 
several sections, each made as a single 
piece, it is of advantage to provide a 
clearance between two adjacent sections, 115 
in order thus to avoid the excessive 
stresses that might otherwise be produced, 
by expansion due to temperature varia- 
tions or elastic elongation of the rein- 
forcement plates. ^20 

For the sake of the efficiency of the 
wing and struts systems, the total lift 
thereof should be distributed along the 
span, and as far as possible it should be. 
equivalent to that obtained with a wing 125 
of elliptic outline in plan view. Hence 
according to a feature of my invention, I 
so arrange the strut system as to obtain 
the desired variation of lift along the span 
and $hus enable the portion of the wing 130 
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between the points, of . fixation.; thereto* of 
^struts 1 -to have a substantially unifbrm : 
profile, /chord and incidence over its . whole 
•span; • - 

To. avoid discontinuity in the. distribu- 
tion, of the lift at &e points, of junction 
of struts 1 with wing 2, the lift of (the 
strut (sections" located close to said points: 
of junction mupt. be made very, small div 
equal to zero. -In some: cases the desii ; ecl 
distribution of the total : lift . can be 
achieved by giving the strut sections a 
uniform direction and .depth suck that : the 
lift of the sections located near the points 
of junction with the wing is -zero, what- 
ever be the incidence; due to ther-devia- 
tion undergone ly : thfi~ airatream . in? the 
vicinity, of the "wing, . whereas the- fitiniit 
sections of the .SAme direction- and fthe 
same depth but; located- at a greater dis- 
tance, from theseV-points of junction supply 
the. desired supplementary iifjt, 7 . : 
. However, in., tiiost. cases, the supple-- 
nientary lift thus obtained .is. insufficient: 
to ensure the optimum , distriburfcion of -the " 

m which event either the incidence 
of . the Btrut sections is .varied " along -the 
struts, i.e. so that the angle . between 
each strut section, and the corresponding 
wing section becomes greater the further 
this^ strut section. is located from tha point 
of junction of the strut %ith the wing, 
or the length of the chord of - the* strut 
sections is made greater, the further this 
section lies from the point of junction. 

However,, the application of ^his second 
alternative is limited in many cases by : 
the need to design'the strut sections with 
a chord at their stubs .^Mj^sJ^imTaen^ 



to oppose torsional stresses. Thus in the 
embodiment of the invention illustrated 
by Figs. 7 to 12 use is "made of struts 1 
of jran a bl e inoidcnti era nd unif o rm chord; 
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, . In" A ?*B- to .12; which- designate, the 
direction of the various sections of a 
strut l illustrating;.t;his/point, the section 
Trhich inclose to jbhe fuselage has £n angle- 
of incidence equal to zero r r whereas '&e 
section , located near to I'the junction with 
the ^wing bas "an an^Je .of incidence , of 
— 2°, the angle of" incidence varying 
gradually and having ^the valuV ~ 0;40° 
in Pig. 11 and -1.20* in EHgv i(y : 

According to another feature of my- in-: 
vention, Jfche strut ; sections located close 
to the point of junction of eh ch T <rhnit witli 
the wing are given: a shape and : an inci- 
dence such that the meab. ;;line - of these, 
strut sections conforms as fat as possible; : 
io-.. the /shape ; of the airstream in "tla. 
yiQinity of. this point ^ '^unctiony ac'cbnn*^ 
beiner ^talcen of ; the deflection *ause~d • : fcy : 
the thickness of the win|j : ;Ihirthermo : re, v ' 
the. strut sections . are ^ ndVai^aiffeousl^r' 
given, close to. the wing, a iMcImess 



small as is permitted V-'the stirength of* - 
the materials,: for: . instance ^qual • 6rv* " 
smaller tW # ^ c ^ ^ ^ 

stmt section. ••">•■ -- : 

^ufi- n&ar ihe point of junction of iad^TfT 

SfS 6 S S 6 >^ th * the suff ace - , 

ot j&*«tntt. . facing, ihermng is";approxi-. ■■ 
majely ^paralKL to the portion' -of the* ' 
^mi^of^wmg oloseito wfctekit is/-.: ' 
located/ which involves a : substaiitial- i*e- 7h 
duction: pf-the drag, ^The-strut Sections 
at. : -a greater 'distances ^:fro^^^ffie:.pdint'.o^ - 
tScfcJiess^ 1 - ^£ m *f. be'.of gTeater ; 
• Preferably j^the .sections of-ffie -struts. "*(}r 
- located ;near. .the poinfs .ol : jnnqtibn ^ T^th 
tne.wing.are given an aerofoil profile hav- . 
ipg an upwardly concave mean. lm e . (see r . \- 
•Mffr. 9)v ^hilst. the strut sections. " aV a 
: greater , distance from;; the point . of ; - junc- fic- 
tion pf the- strut, mth :the. mrig may be : 
givenr = a - symmetrfcal -shape {see i2> : 
or anyupwardly- convex" shaped-: inHhiff > 
case, -. ftlie • pi*fifcr Jrrferably ^ chan^e'B 
- gradually along the strut. - ;". , fi h. 
_. According to yet r another feature of mv - 
invention, I ensure a Suitable distribution' 
along the span of the lift of a high aspect - 
ratio Tying.(l& or more) by combining 4ith - 
this-wing a lift increase device t^cM pre- q< 
ferably extends . over the whole span%f 

, take off ^and landing ev^' iekpit&--ih& iftg 
VfX * or : taking off; ciimWntf afidlfl'rajitf- : 

•'i^SL*^ 9 ^ 4 ^'-*, WW^-^ ;: &is 105 '" 
pni^ose indicated in FiM-lp-ana i^ ■ 

/Fo w ler , type ( Bee -Me' 



V^'P^m 9sed and cnosen . 
ior - jtaftir lower profile drag : 0 OS'Vi h 

liti-^^S-^ 

: Ij should be. . noted' 'iiecre u : tnif ^owler^ - :i 

,. are ^rven Conibined ^ivofing ! and ^fe^^ 15 
.ward displacements. . " > - r . 

mainder of ..fcspan ie- oeoupiea rail 
aJerone ii^.whicli * are piloted - 

iff smaller than ^ ftat -&f.rtn& Ifcttfe^W 
■ f^erenco; .between; iOftsjti^&^-ffi-; 

,™ ,*he direction, of ife epanirfTtJ 1 
to to t^at cf the ajlejcns may g for ISO 
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instance such that, for a pivoting of about 
20° of the flaps, the mean pivoting ot 
the ailerons is about 12°. 

I can thus obtain, for instance for a 
lift coefficient of 2 and a geometrical 



adapted {to those of the flaps 113, so as to 
obtain, approximately at least, the desired 
distribution of the lift along the span of 
the. wing. 

A lift increase device extending a;t least 7U 

i .1 ^1 "L _1 ~£ A"U y-i 



aspect ratio ux ■ » 1*4/1.;* win* mav also he formed bv a suction 



of the wing of about 0.06 only, this giving 
a lift to drag ratio of about 33 and a 
power coefficient of 2000, thus permitting 
take off, climbing, and flying with one 
or more engines stopped, with a «> ver 
power. By pivoting the flaps to 40 or 
more, the lift coefficient can, as on aero- 
planes fitted with a lift increase device 
of the usual type, be raised to values as 
high as 3 and even more. 

The control system illustrated by J? igs . 
15 and 16 may, for instance, be employee! 
to obtain the simultaneous pivoting ot 
flaps 13 and ailerons 14. 

In this system cranks 115, which con- 
trol bo*h the pivoting and sliding move- 
ment of flaps 113, are each connected by 
a link 116 with one end of a lever 11 r 
25 which is centrally pivoted about a fixed 
pin 118 and is hinged at ite other end .on 
a nut 119. The two nuts 119 of the wo 
levers 117 coact with a right and left 
handed screw 120—121, driven by a crank 

122 through the intermediary of a chain 

123 and a common piuion 124. 
Rotation of crank 122 causes levers iu 
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30 



wing may also be formed by a suction 
and / or blowing device, which can be con- 
trolled, near the wing tips, in such 
manner as to olay the part of ailerons. 

I vary the intensity of the. suction or 
of the blowing action in such manner as 
to obtain, approximately at least, a given 
distribution of lift along the span of the 
wing. By; combining this lift increase 
device (which is also characterised by a 
very reduced profile drag coefficient) with 
aspect ratios of 30 or more, it is possible 
to obtain extremely high lift: to drag ratio 
and power coefficients, even taking into 
account the power used jto produce the 
power suction and /or blowing action. 

According to a still further f eature of 
my invention, the wing is constituted by 
two separate shells 104 and 105, Fig. 13, 
one forming the upper side of the wing 
and the other the underside thereof, these 
shells being connected together at the 
front and at the rear of the wing. Each _ 
of these shells is made up of a skin which 
determines the outer shape of the Bhell, 
by stringers 106, 107 running parallel to 
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Rotation ^^^S^^^lyoi the span on the 'inside of the^ng, these 

plfne of symmet^ of the aircraft, in the .,«. . ™ * inft l 

aame direction and through the same 
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•fhe ailerons 114 are each connected to 
a bell crank lever which in turn is con- 
-tt^cted-throTrpfh--a -link-iSo-with-one-^ 
of a lever 127. the other end of which is 
pivoted at 128 to the lever 117 of the 
^orr^prn idin ff flap 118 at a point loca ted f ^ - ^ L^a^lZ ^ jflL "", 

mm ^ » 1 t H r* J3 ill t tt 1 QTT QT 



operating therewith in resisting vertical 
bending stresses, and finally by ribs 108 
and 109 which are substantially perpen- 
dicular to the stringers and maintain the 
desired streamlined shape of the wing. 

Wringers 106 and 107 ma y have 105 
various sections besides those indicated 
by Fig. 13. The libs 108 and 109 are 
preferably of Z-shaped section (Fig. 14) 



corresponding liSk 116 and this lever 
117 Furthermore both levers 1&( are 
pivoted at 129 to the respective ends oi 
an equalizer bar 130 carried, at its middle 
point, by one end of a lever 131 which is 
pivoted about an axis 132 and the other 
end 133 of which is hinged to a control 

^B^moving the rod 134, with levers 
117 stationary, the ailerons are made i to 
pivot in opposite directions. Itod id* 
therefore forms part of the ban W con- 
trol means. By operating the crank 1^5, 
the levers 127 are caused to pivot in oppo- 
site directions about their axis 129, ^hich 
produces (the pivoting of the ailerons both 
in the same direction. However, by suit- 
ablv selecting the position of the axes 1~» 
on levers 117, the ratio of the pivoting 
«6 displacements of the ailerons 114 are 
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« u ,. v. ,v^w, cross the HO 

stringers of the respective shell, the shape 
of these openings corresponding to. that 
of the section of the stringers passing 
through them. Preferably, »to enable each f 
rib to be of relatively considerable depth, 11 ° 
these ribs are so disposed in each of the 
corresponding shells that, after assembly, 
the ribs of one of the shells enter between 
those of the other shell so that, in lateral 
projection in the direction of the wing 
span, the ribs partially overlap one an- 
other (see Figs. 13 and 14). 

The ribs 108, 109 are now directly con- 
nected to one another, and the shells are 
only interconnected by their skins at the 125 
front and at the rear of the wig, any suit- 
able means being employed at this end, 
for instance welding, screw bolts, or 
rivets. 

Thus, in a preferred embodiment, the 130 



120 



front edges of ithe two shells are secured 
to a reinforcing element. 11Q of . gutter- 
shaped section, which, serves" both to 
asseinbje the two shells at the .front part 
5 of the. wing, and to reinforce (the leading 
edge thereof. The interconnection of the 
two shells at the rear, of the wing is pre- 
i'eraljy : obtained by Jmeaiia 'of two angle 
irons 111, 113, having rearwardly extend- 

10 mg wing* applied together and secured 
* to each other By means of riyets, by weld- 
ing, or the like and fixed one to the rear 
edge of ;the upper shell and the other to 
the rear edge of the lower shell of the 

15 wing.. 

When the shells are assembled by rivet- 
ing or welding, it is preferred that jflie 
leading edge is first secured, the two shells 
on * ng m ?anwhile moved slightly away 
*»v from each other at the rear so as to en- 
able the riveting block or the electrode 
of the welding machine between the two 
shells to be introduced, 
i e cons *raddoai of the wing described 
above is particularly easy to carry out in 
the case of high aspect ratio wing systems, 
Ja- these, wing, systems,, the bending 
stresses are relatively high as compared 
air^i? • • s ^ ear i n g' or torsional stresses, so 
oU that it is necessary to use relatively thick 
metal .sheets for the skin, which may then 
easily resist, either alone or with a coum 
tmuous reinforcement, the shearing and 
torsional stresses. 
35 Hereafter, in the claims, reference is 
made to the wings of an aircraft. It is, 
however, to be. understood that this plural 
;term also includes the case in which the 

40 ning the whole width of the machine. 
Having now particularly described and 
ascertained the nature of my said inven- 
tion and in what manner the same is to 



P e performed, I deelare that what I claim 
45 is: — 

1. A power propeller aircraft having 
tixed wings and external bracings there- 
for, said bracings serving as auxiliary 
lifting surfaces and the aspect ratio of the 

50 whole lifting surfaces (i.e. b a /S are here- 
in denned) is not less than 15 under all 
circumstances of flight, and the wing 
loading (including that of the auxiliary 
lifting surfaces) being not less than 80 

65 kgs- per square 'meter. " 

. 2. An aeroplane according to claim 1, 
further including a lift- increase device 
of low profile drag coefficient extending 
oyer at least a substantial portion" of the 

60 wing span and adapted to produce a pre- 
determined non-uniform distribution of 
the lift along said span. 

3. An aircraft having fixed wings, 
external bracing struts for the same, said 

65 struts bein/ar of aerofoil section and the 



wings and struts having an overall aspect 
ratio of not less than 15, and lift increase 
naps pivoted on said wings, the wing 
loading of the aircraft being not less thai 
oO legs, per square meter. 70 
■ 4- An aircraft according to any of 
claime 1 rto 3, including a lift increase 
device^in the.form of flaps mounted air the 
rear -of :i£ft-winga along an ihterniediat'e 
section of the span thereof, and ailerons 75 
arranged at -fche rear oT the wings, laterally 
™ -^d- fl aps, caontrol means being pro- 
T^ ed for operating said ailerons either 
^ereirtially for lateral control, pr simid- * 
ijaneousJ^ with mid flaps.- in the latter :8D 
case with a lesser amplitude of movement 
than that of the flaps. 

5. ;An aircraft according to any of 
claims 1 to 3, including a stabilising plane 
extending oyer at least a portion of the 80 
wing span and connected to. the wings at 

a £ Iur *kty of points along said span 

6. An arrcraft according to any of &b 
preceding claims, in which the wings are 
connected to a fuselage by streamlined "90 
bracing strut*, these struts each -being 
shaped and disposed so that the mean line 
oi.tbe cross section, (thereof adjacent its 
junction with the corresponding wins 
conforms substantially to the airflow alonl 95 
tne wing. . - » 

• 7 " n A? ^raft according to claim 6 
in which the thickness of the stru-t cross 
section progressively decreases from "the 
iuselage end id the wing endof the strut. 100 

8. An aircraft according to any of 
claims 1 to. 5, in which the wings are rco^ 



Gracing struts; these struts being of vary- 

l*L£ CXdenC K and ^ deptk &eiT 105 
length so as to give ■» continuous^ nou- 
- u n itorm - 



the portion of the wing span between the 
points of connection of the wings to the 
atrojte. - - 0 Q 

r 9; aircraft according ^o claim 8, 
in which each strut has a lift coefficient 
winch is zero at or adjacent the point of 
its connection to the corresponding wing 
+1. -^/ airc ^ according , to any . of llg 
the preceding claims, in which' the wings 

plurality of interconnected frames extend- 
^ n S^ lon S length of the span and hav- 

^l- a c i e t ranc ? b ^ twe ^ each ' adjacent 120 
pair, and by a frame covering of reinforc- 
ing plates. ' - - ... •: 

- ■ X A . - * according to claim 10, . ' 

"3*Z ^V* 6 sai ? ***** or said con' 

.12; An aircraft according to any of 

inTll^T W , 8 ^ ells . respectivelffortn- 
mg the upper and Wr eidea of the -wing, 130 
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which are interconnected at the leading 
and trailing- edges of the wing. 

13. An aircraft according to claim 12, 
in which the shells are reinforced by 

5 stringers extending in jthe general direc- 
tion of the wing span, and ribs arranged 
in the fore and aft direction of the wing. 

14. An aircraft according to claim 1 
substantially as herein described with 

10 reference to Figs. 1 and 2, Figs. 3 and 4, 
Figs. 5 and 6, Figs. 7 ;to 12, Figs. 13 and 



14, or Figs. 15 and 16 of the accompany- 
ing drawings. 

Dated the 30th day of July, 1946. J 
FOUBESTER, KETLEY & CO:, ; 
Chartered Patent Agents, 
Jessel Chambers, 88/90, Chancery Lane, 
London, W.C.2. and 
Central House, 75, New Street, 
Birmingham, 2, 
Agents for the Applicant. 
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